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ABSTRACT OF THE DISCLOSURE 
Improved integral, three-layered plastic, thermally 

insulating composites each having an impact resistant 
solid facing layer of a monovinyl aromatic compound/ 
alpha-electronegatively substituted ethene compound in 
terpolymer system, a layer of cellular polyurethane, and 
an elastomeric interlayer of cellular polyurethane posi 
tioned between the other two layers. The resulting com 
posites have improved impact resistance as respects the 
solid facing layer. 

BACKGROUND 

In the art of plastic composites, it has heretofore been 
conventional to bond a relatively thick layer of relatively 
rigid, thermally insulating (or acoustically insulating), 
cellular, plastic material to a relatively thin layer of solid 
impact resistant plastic sheeting especially sheeting com 
prising an interpolymer system of monovinyl aromatic 
compound and an alpha-electronegatively substituted 
ethene compound. Such composites are useful in many 
industrial and commercial applications, including con 
struction materials, refrigerator cabinets, etc. 

Such composites, however, suffer from a severe dis 
advantage in that the solid layer apparently can be more 
readily cracked when rigidly bonded to the cellular layer 
than in a free, unbonded form. Such cracks originate 
from exterior impacts generally localized in character. 
Actual crack propagation through, or in, such solid layer 
is a relatively low energy process while the actual point 
of crack initiation or formation is usually associated 
with a relatively high mechanical force. Apparently 
(though there is no intent to be bound by theory herein) 
the solid layer cracks more readily when bonded to the 
cellular layer because then the crack initiation site is 
in the generally relatively more brittle, more rigid cellular 
layer and this site becomes a locus for easier initiation 
of cracks than when the solid layer is in a free, un 
bonded form. The rigidity of the cellular plastic seems 
to prevent or impair the shock absorbance normally asso 
ciated with the free, unbonded solid layer. 

Heretofore, it has been conventional to overcome such 
a degradation of impact resistance in solid plastic sheet 
ing of such an interpolymer system when employed in such 
composites by using thicker or tougher sheeting. How 
ever, such a procedure is disadvantageous since it not 
only can add appreciably to the cost of a resulting com 
posite, but also it can add undesirable weight to such 
resulting composite and present subsequent application 
problems. 

‘It has now been discovered, however, that when, in 
such a composite one uses as the solid layer an inter 
polymer system of monovinyl aromatic compound and 
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an alpha-electronegatively substituted ethene compound, 
and positions between such solid layer and such a cellular 
layer a second cellular interlayer, the toughness or im 
pact resistance of the solid layer is surprisingly and unex 
pectedly improved. This improvement in impact resist 
ance is achieved without adversely affecting the desired 
good adhesion characteristics between layers, and, at the 
same time, does not adversely affect the good structural 
rigidity characteristics desired in such composites. In addi~ 
tion, with a composite, the thickness of the solid layer used 
with a cellular interlayer can be thinner than the thick 
ness of a single thick layer of solid layer used alone 
without a cellular interlayer and still achieve a product 
composite having unexpectedly good impact resistance 
in the solid facing layer. 

Such new three-layer systems ?nd value in a number 
of industrial and commercial applications; for example, 
they are useful as building or container construction ma— 
terials. When used, for instance, in the production of re 
frigerator food liners (that is, a refrigerator cabinet and 
its door), the resulting liners characteristically display 
superior shelf-loading capacity and resistance to bulging 
or oil canning. 

SUMMARY 

This invention relates to thermally or acoustically 
insulating panel-like composites. Each such composite 
comprises three layers of material. 
A ?rst layer is composed of a ?rst polyurethane cellu 

lar material having spaced, generally parallel faces, and 
having a transverse thickness of at least about 0.5 cm. 
(preferably from about 1 to 20 cm.). This ?rst cellular 
material is characterized by having a foam density greater 
than about 0.008 gram/cm.3 at 23° C. (preferably from 
about .015 to .06 gm./cm.3 at 23° C.) when individual cells 
are substantially all gas ?lled, and by having a foam 
compressive modulus greater than about 5 kg./cm.2 at 
23° C. (preferably from about 20 to 200 kg./cm.2 at 
23° C.). Preferably, such cellular material is substan 
tially closed-celled. 
A second layer is composed of a second polyurethane 

cellular solid having spaced, generally parallel faces, 
and having a transverse thickness of from about .25 to 
25 mm. (preferably from about .75 to 5 mm.). This 
second cellular material is characterized by having a 
foam density greater than about 0.024 gm./cm.3 at 
23° C. (preferably from about 0.032 to 0.16 gm./cm.3 
at 23° C.) when individual cells are substantially all air 
?lled, and by having a foam compressive modulus less 
than about 70 kg./cm.2 at 23° C. (preferably from about 
1/2 to 10 kg./cm.2 at 23° C.). 
A third layer is composed of an organic, rigid, 

polymeric solid having spaced, generally parallel faces 
and having a transverse thickness of from about .25 to 
25 mm. (preferably from about .75 to 3 mm.). The 
solid comprises an interpolymer system of monovinyl 
aromatic compound and alpha-electronegatively substi 
tuted ethene compound, which, when in the layered form 
as indicated, is characterized 'by having an apparent ten 
sile modulus of elasticity of from about 7000 to 55,000 
kg./cm.2 at 23° C. (preferably from about 10,000 to 
40,000 kg./cm.2), by having a tensile elongation to fail 
of at least about 5 percent at 0° C. (preferably from 
about 7 to 30 percent at 0° C.) by having an independent 
impact strength greater than about 1 kg.-m. falling dart 
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at 2.5 mm. thickness and 23° C. (preferably from about 
2 to 6 kg.-m., all same conditions). 
The second layer is interposed between, and is gen 

erally contiguous with, the ?rst and the third layers in 
composites of this invention. Also, adjacent faces of 
said ?rst and said second layers, and adjacent faces of 
said second and said third layers, respectively, are con 
tinuously and directly bonded to one another. 

For purposes of this invention, foam density, foam 
compressive modulus, apparent tensile modulus of 
elasticity, tensile elongation to fail, are each conveniently 
measured using ASTM Test Procedures or equivalent. 
A suitable falling dart impact strength measurement 

test procedure is as follows: 
A falling dart drop testing apparatus like that described 

in ASTM D-l709-59T is used. The dart has a 1.5 inch 
diameter hemispherical head ?tted with a 0.5 inch diam 
eter steel shaft 8 inches long to accommodate removable 
weights. A pneumatic dart release mechanism is positioned 
so that the dart is dropped 26 inches onto the surface of 
the test specimen. The test specimen is clamped and held 
?rmly between steel annular rings with an inside diameter 
of 5 inches. The clamping mechanism is aligned so that 
the dart strikes the center of the test specimen. The test 
specimens are preferably 6 inch by 6 inch ?at plastic 
sheets. Specimen thicknesses should not deviate more than 
5 percent from the nominal or average thickness. 

In a test, the specimen is placed in the clamping mech 
anism, and the dart is loaded with the weight at which 50 
percent failure is expected. Then, the test specimen is im 
pacted with the dart and examined for cracks (failure is 
designated by any crack in the specimen). A new speci 
men is used for each impact. In the event that the specimen 
fails (or does not fail), one decreases (or increases) the 
Weight in increments of 0.25 pound until the procedure 
produces a failure-non-failure (or non-failure-failure) 
sequence. The results are recorded and the test is pref 
erably continued until at least 15 specimens have been 
thus tested. 
The calculation procedure is as follows: 
(A) Record the number of impacts tested after the 

failure-non-failure (or non-failure-failure) point is reached 
(N), 

(B) Add together the dart Weights for the N impacts 
('W), 

(C) DivideW-by N (W50), 
(D) Multiply W50 by the drop height (26") to obtain 

the 50 percent fail falling dart impact (F50). 
To determine falling dart impact for composites, the 

following modi?ed procedure may be used. The same dart 
drop testing apparatus as above is used, except that the 
dart has a one inch diameter hemispherical head and the 
test specimen is not clamped, but is placed on a ?at, hard 
surface. Test specimens are preferably 5 inch by 4 inch 
?at composites. The procedure and calculations are de 
scribed as above. 

In this invention, the term “cellular polyurethane” has 
reference to a polyurethane the apparent density of which 
is decreased substantially by the presence of numerous 
cells disposed in a generally uniform manner throughout 
its mass. These cells are preferably discrete in this inven 
tion, and the gas phase of each cell is preferably inde 
pendent of that of the other cells in a given cellular 
polyurethane layer. For purposes of this invention, a cel 
lular polyurethane may have its individual discrete cells 
?lled with a material other than air, for example, a ?uori 
nated hydrocarbon, such as trichloro?uoromethane, or the 
like. The density of a cellular polyurethane employed in 
the present invention is conveniently measured at about 
23° C. when individual discrete cells are substantially all 
gas ?lled. . 

COMPONENT MATERIALS 

In general, any cellular polyurethane having the above 
described respective characteristics can be used as the ?rst 
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layer or as the second layer, as the case may be, in pre 
paring the composites of this invention, provided the re 
spective physical characteristics are as indicated above. 
Such materials are well known to those of ordinary skill 
in the art of plastics. 

Similarly, and in general, any rigid solid plastic having 
the above-described characteristics can be used as the 
third layer in preparing the composites of this invention as 
indicated above. As used herein, the terminology “an inter 
polymer system of monovinyl aromatic compound and 
alpha-electronegatively substituted ethenes” has refer 
ence to: 

(A) Interpolymers formed by polymerizing a mono 
vinyl aromatic compound with an alpha-electronegatively 
substituted ethene, 

(B) Interpolymers formed by polymerizing a mono 
vinyl aromatic compound, an alpha-electronegatively sub 
stituted ethene, and a conjugated alkadiene monomer, 

(C) Mechanical blends of such interpolymers (A) and/ 
or (B) with a preformed saturated or unsaturated rubber 
(such rubbers being as just above described), one present 
ly preferred such rubber being one derived from a con 
jugated alkadiene monomer which is either homo 
polymerized or copolymerized with another component, 
especially a monovinyl aromatic compound or an alpha 
electronegatively substituted ethene, or both, 

(D) Graft copolymer blends of such interpolymers (A) 
and/ or (B) produced by polymerizing the monomers used 
to make such interpolymers in the presence of a pre 
formed saturated or unsaturated rubber (as characterized 
above), ' 

(E) Mixtures of (A), (B), (C), and/or (D). 
In general, such an interpolymer system has a number 

average molecular weight (M,,) ranging from about 
20,000 through 120,000 and the ratio of weight average 
molecular weight (MW) to number average molecular 
weight FW/ILTX, ranges from about 2 through 10. 

Suitable rubbers for use in such an interpolymer system 
include unsaturated rubbers like polybutadiene, styrene/ 
butadiene, copolymers, ethylene/ propylene copolymers, 
neoprene, butyl rubbers, and the like, and unsaturated 
rubbers like polyurethane silicone rubbers, acrylic rubbers, 
halogenated ole?ns, and the like. In general, rubbers used 
in the starting materials employed to make products of 
this invention have a glass phase or second order transition 
temperature below about 0° C. (preferably below about 
—25° C.) as determined by ASTM Test D~746-52T, and 
have a Youngs Modulus of less than about 40,000‘ p.s.i. 
A preferred class of rubbers for use in such an inter 

I polymer system are diene polymer rubbers. Examples of 
diene polymer rubbers include, for example, natural rubber 
having isoprene linkages, polyisoprene, polybutadiene 
(preferably one produced using a lithium alkyl or Ziegler 
catalyst), styrene-butadiene copolymer rubber, butadiene 
acrylonitrile copolymer rubber, mixtures thereof and the 
like. Such rubbers include homopolymers and interpoly 
mers of conjugated 1,3-dienes with up to an equal amount 
by weight of one or more copolymerizable monoeth 
ylenically unsaturated monomers, such as monovinylidene 
aromatic hydrocarbons (e.g. styrene; an aralkylstyrene, 
such as the o-, m-, and p-methylstyrenes, 2,4-dimethyl 
styrene, the ethylstyrenes, p-tert-butylstyrene, etc.; and 
alpha-alkylstyrene, such as alpha-methylstyrene, alpha 
ethylene, alpha~methyl-p-methylstyrene, etc.; vinyl naph 
thalene, etc.); arhalo monovinylidene aromatic hydro 
carbons (i.e. the o-, m-, and p-chlorostyrenes, 2,4-di 
bromostyrene, 2-methyl—4-chlorostyrene, etc.); acryloni 
trile, methacrylonitrile; alkyl acrylates (e.g. methyl acryl 
ate, butyl acrylate, Z-ethylhcxyl acrylate, etc); the corre 
sponding alkyl methacrylates, acrylamides (e.g. acryl 
amide, methacrylamide, N-butyl acrylamide, etc.); unsat 
urated ketones (e.g. vinyl methyl ketone, methyl isopro 
penyl ketone, etc.); alpha-ole?ns (e.g. ethylene, propyl~ 
ene, etc.); pyridines, vinyl esters (e.g. vinyl acetate, vinyl 
stearate, etc.) ; vinyl and vinylidene halides (e.g. the vinyl 
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and vinylidene chlorides and bromides, etc.) ; and the 
like. 
A more preferred group of diene polymer rubbers are 

those consisting essentially of 75.0‘ to 100.0 percent by 
weight of butadiene and/or isoprene and up to 25.0 per 
cent by weight of a monomer selected from the group con 
sisting of monovinylidene aromatic hydrocarbons (e.g. sty 
rene) and unsaturated uitriles (e.g. acrylonitrile), or mix 
tures thereof. Particularly advantageous substrates are 
butadiene homopolymer or an interpolymer of 90.0 to 
95.0 percent by weight butadiene and 5.0 to 10.0 percent 
by weight of acrylonitrile or styrene. 
Another preferred class of rubbers for use in such an 

interpolymer system are acrylic rubbers. Typically, such 
a rubber is formed from a polymerizable monomer mix 
ture containing at least 40 weight percent of at least one 
acrylic monomer of the formula: 

CHz=CH 

C—O R3 
% 

0 

where R, is a radical of the formula: 

p is a positive whole number of from 4 through 12. 
Although the rubber may generally contain up to 

about 2.0 percent by weight of a crosslinking agent, based 
on the weight of the rubber-forming monomer or mono 
mers, crosslinking may present problems in dissolving the 
rubber in monomers for a graft polymerization reaction 
(as when one makes an interpolymer system as described 
in more detail hereinafter). In addition, excessive cross 
linking can result in loss of the rubbery charactersitics. 
The crosslinking agent can be any of the agent conven 
tionally employed for crosslinking rubbers, e.g. divinyl 
benzene, diallyl maleate, diallyl fumarate, diallyl adipate, 
allyl acrylate, allyl methacryate, diacrylates, and dimeth 
acrylates of polyhydric alcohols, e.g. ethylene glycol di 
methacryate, etc. 

Optionally, such an interpolymer system may have 
chemically incorporated thereinto (as through polymeri 
zation) a small quantity, say less than about 2 weight 
percent based on total interpolymer system weight of a 
crosslinking agent such as a divinyl aromatic compound, 
such as divinyl benzene, or the like. Also optionally, such 
an interpolymer system may have chemically incorpo 
rated thereinto (as through polymerization) a small quan 
tity, say, less than about 2 weight percent based on total 
interpolymer system, of a chain transfer agent, such as 
an unsaturated terpene, like terpinolene, an aliphatic mer 
captan, a halogenated hydrocarbon, or the like. Such 
interpolymer systems and methods for their preparation 
are known to the prior art and do not constitute as such 
a part of the present invention. 

Suitable monovinyl aromatic compounds for use in 
such interpolymer systems include styrene (preferred); 
alkyl-substituted styrenes, such as ortho-, meta-, and para 
methyl styrenes, 2-4-dimethylstyrene, para-ethylstyrene, 
or alpha-methyl styrene; halogen substituted styrenes, 
such as ortho-, meta-, and para-chlorostyrenes, or bromo 
styrenes, 2,4-dichlorostyrene; and mixed halogen plus 
alkyl-substituted styrenes, such as 2-methyl-4-chlorosty 
rene; vinyl naphthalene; vinyl anthracene; mixtures there 
of, and the like. The alkyl substituents generally have less 
than five carbon atoms, and may include isopropyl and 
isobutyl groups. 

Suitable alpha-electronegatively substituted ethenes for 
use in such interpolymer systems include those repre 
sented by the generic formula: 
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6 
where 
X is selected from the group consisting of —CN, 
—COOR2, and —-CONHR2, 

R1 is selected from the group consisting of hydrogen, 
—(CnH2n+1), _(CnH2n)_cN: and 
—-CnH2)—COOR2, 

R2 is selected from the group consisting of hydrogen, and 
—(CmH2m+1): 

n is an integer of from 1 through 4, and 
m is an integer of from 1 through 8. 

Suitable ethene nitrile compounds of Formula 1 in 
clude acrylonitrile (preferred), methacrylonitrile, ethac 
rylonitrile, 2,4-dicyanobutene-1, mixtures thereof, and 
the like. 

Suitable acrylic compounds of Formula 1 include un 
saturated acids, such as acrylic acid and methacrylic acid; 
2,4-dicarboxylic acid butene-l, unsaturated esters, such 
as alkyl acrylates (e.g. methyl acrylate, ethyl acrylate, 
butyl acrylate, octyl acrylate, etc.), and alkyl methacryl 
ates (e.g. methyl methacrylate, ethyl methacrylate, butyl 
methacrylate, octyl methacrylate, etc); unsaturated 
amides, such as acrylamide, methacrylamide, N-butyl 
acrylamide, etc.; and the like. 

Suitable conjugated alkadiene monomers for use in 
such interpolymer systems include butadiene, 3-methyl 
1,3-butadiene, 2-methyl-l,3-butadiene, piperylene chloro~ 
prene, mixtures thereof and the like. Conjugated 1,3 
dienes are preferred. 

In interpolymer systems of type (A) above, the amount 
of chemically combined monovinyl aromatic compound 
typically ranges from about 20 to 95 weight percent, and 
preferably from about 50 to 75 weight percent (based 
on total weight of such interpolymer), while, corre 
spondingly, the amount of chemically combined alkene 
nitrile typically ranges from about 80 to 5 weight percent, 
and preferably from about 40 to 10 weight percent. Ex 
amples of such interpolymer systems include styrene/ 
acrylonitrile copolymers, styrene/acrylate copolymers, 
and the like. 

‘Examples of interpolymer systems of type (B) above, 
include especially copolymers of styrene, acrylonitrile, 
and butadiene. In such interpolymers, the relative pro 
portions of each of the monovinyl aromatic compounds 
and the alkene nitrile remain as in interpolymer systems 
of type (A), while the amount of chemically combined 
conjugated alkadiene monomer typically ranges up to 
about 25 weight percent, and preferably from about 5 to 
20 weight percent (based on total weight of such inter 
polymer). ‘ 

These interpolymer systems of types (A) and (B) may, 
if desired, contain up to about 7 percent by weight of one 
or more other copolymerizable ethylenically-unsaturated 
monomers, such as dialkyl maleates, and fumarates (e.g. 
the dimethyl, diethyl, dibutyl, and dioctyl maleates, and 
fumarates, etc.); conjugated dienes (e.g. butadiene, iso 
prene, etc.); and the like. Also, if desired, the interpoly 
mers can contain minor amounts, e.g. about 0.05 to 3 
percent by weight of a chain transfer agent, such as a 
higher alkyl mercaptan, alpha-methylstyrene dimer, ter 
pinolene, and the like. 
Among the preferred inter-polymers are those which 

consist substantially of about 20 to 95 percent (prefer 
ably about 50 to 85 percent) by weight of a combined 
monovinyl aromatic hydrocarbon and about 80 to 5 per 
cent (preferably about 50 to 15 percent) by weight of 
combined acrylonitrile, methacrylonitrile, methyl acrylate 
and/or methyl methacrylate, and mixtures thereof. 
Any interpolymer systems of types (A) or (B) em 

ployed in addition to a graft copolymer superstrate (see 
interpolymer system type (B) usually has a speci?c vis— 
cosity of about 0.04 to 0.15, preferably about 0.07 to 
0.1, measured as a solution of 0.1 percent of the polymer 
in dirnethylformamide at 25° C. 

In interpolymer systems of types (C) and (D), the 
total weight percentage of rubber present typically ranges 
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up to about 25 weight percent, and preferably from about 
5 to 20 weight percent (based on total weight of such a 
blend). Interpolymer systems of type (D) are preferred, 
and a particularly preferred such type is a graft copoly 
mer of styrene and acryonitrile, for example, on a buta 
diene based rubber. ‘Other unsaturated or saturated rub 
bers, however, as described above can be employed in 
place of, or in addition to, such a diene type rubber. 

In interpolymer systems of type (D), an interpolymer 
of type (B) forms the graft superstrate while the rubber 
forms the graft substrate. Although the amount of inter 
polymer superstrate grafted onto the rubber substrate 
may vary from as little as 10 parts by weight per 100 
parts of substrate to as much as 250 parts per 100 parts, 
and even higher, the preferred graft copolymers have a 
superstrate-substrate ratio of about 30—200: 100 and most 
desirably about 30-100z100. With graft ratios above 
30: 100, a highly desirable degree of improvement in vari 
ous properties generally is obtained. 
The interpolymer systems of type (A) and (B) may 

be produced by various known polymerization techniques, 
such as mass, emulsion, suspension and combinations 
thereof. Whatever polymerization process is employed, 
the temperature, pressure and catalyst (if used) should 
be adjusted to control polymerization so as to obtain the 
desired product interpolymer. If so desired, one or more 
of the monomers may be added in increments during 
polymerization for the purposes of controlling viscosity 
and/or molecular weight and/or composition. Moreover, 
it may be desirable to incorporate low boiling organic, 
inert liquid diluents during a mass polymerization reac 
tion to lower the viscosity, particularly when a rubber is 
employed. Moreover, the catalyst may be added in incre 
ments, or different catalysts may be added at the same 
time or at different points during the reaction. For ex 
ample, when a combined mass-suspension process is em 
ployed, generally oil-soluble catalysts may be employed; 
and both low and high temperature catalysts may be 
advantageously used in some reactions. 
The interpolymer systems of type (C) may be prepared 

by simple, conventional physical intermixing. Conven 
iently, one uses starting materials in a solid, particulate 
form, and employs such conventional equipment as a 
ribbon blender, a Henschel mixer, a Waring Blender, or 
the like. 
The interpolymer systems of type (D) may be prepared, 

for example, by polymerizing monomers of the interpoly 
mer in the presence of the preformed rubber substrate, 
generally in accordance with conventional graft polym 
erization techniques involving suspension, emulsion or . 
mass polymerization, or combinations thereof. In such 
graft polymerization reactions, the preformed rubber sub 
strate generally is dissolved in the monomers and this 
admixture is polymerized to combine chemically or graft 
at least a portion of the interpolymer upon the rubber 
substrate. Depending upon the ratio of monomers to rub 
ber substrate and polymerization conditions, it is possible 
to produce both the desired degree of grafting of the in 
terpolymer onto the rubber sul‘strate and the polym 
erization of ungrafted interpolymer to provide a portion 
of the matrix at the same time. A preferred method of 
preparation involves carrying out a partial polymeriza 
tion in a bulk system with the rubber dissolved in a 
mixture of the ethene monomers and vinyl aromatic 
monomers, followed by completion of the polymerization 
in an aqueous suspension system. 

Blends may be prepared by blending latices of a graft 
copolymer and an interpolymer and recovering the poly 
mers from the mixed latices by any suitable means, e.g. 
drum-drying, spray-drying, coagulating, etc. Preferably, 
they are prepared by simply comalaxating a mixture of 
the interpolymer and the hydroxylated graft copolymer 
at an elevated temperature of a period of time suf?cicnt 
to provide an intimate fusion blend of the polymers. 
Blends of graft copolymer and interpolymer can be pre 
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pared by simply blending the two polymers together on 
conventional plastics working equipment, such as rubber 
mills, screw-extruders, etc. 
As suggested above, interpolymer system of monovinyl 

aromatic compound and alpha-electronegatively substi 
tuted ethenes most desirably employed in the present 
invention are those wherein at least a portion of such 
an interpolymer system has been so prepared in the pres 
ence of rubber as to cause some degree of chemical com 
bination to occur between the rubber and remaining inter 
polymer system components. Typically, a small amount 
of the superstrate interpolymer is not in chemical com 
bination with the rubber substrate because of the less 
than 100 percent grafting ei?ciency of conventional graft 
copolymerization reactions. 

-It will be appreciated that any given third layer used 
in this invention generally comprises at least about 50 
weight percent of an interpolymer system of monovinyl 
aromatic compound and alpha-electronegatively substi 
tuted ethenes with the balance up to 100 weight percent 
thereof being other polymers, such as a polyvinyl chlo 
ride, a olycarbonate, a polysulfone, a polyphenyleneoxide, 
a polyamide, or the like, provided, of course, the par 
ticular combination of polymers employed in a third layer 
has, when formed into such a given third layer, physical 
characteristics such as described above. Preferably, a third 
layer comprises at least 90 weight percent of such inter 
polymer system. 

It will also be appreciated that any given first layer, 
second layer, or third layer can have incorporated there 
into minor amounts (say, up to about 15 weight percent 
total) of any given such layer of conventional adjuvants, 
organic or inorganic ?llers, flame retardants, plasticizers, 
antioxidants, stabilizers, and the like so as to enhance a 
given set of properties (physical, chemical, economic, or 
the like) in a particular product of the invention. For 
example, a ?rst, second or third layer could have up to 
10 percent plasticizer, up to 15 percent pigment, up to 5 
percent stabilizer, and up to about 5 percent miscellane 
ous other additional additives, such as antioxidants, ?llers, 
bactericides, fungicides, etc., all as those skilled in the art 
will appreciate. 

METHODS OF FABRICATION 

While conventional methods are used in making the 
composite products of this invention, it will be appreciated 
that some methods are presently more convenient and 
preferred. 

Thus, one preferred method of fabrication commences 
with a preformed above-described third layer in sheet 
form such as is done by conventional plastic forming 
procedures as those skilled in the art appreciate. If a 
three-dimensional shaped con?guration is desired in a. 
particular composite product to be manufactured, then 
it is convenient to make such' third layer in the particular 
con?guration desired, as by conventional vacuum form 
ing, injection molding technology, or the like, all as those 
skilled in the art appreciate. 

Next, one face of such third layer in sheet form (for 
example, the outer face, as when a refrigerator cabinet 
is being made) is coated as by spraying or the like with 
a composition which will react chemically to generate 
in situ the above-described second layer. When spraying 
equipment is used, the equipment generally includes a 
foam mixing and metering unit feeding a spray nozzle. 
Such compositions, equiment, and application methods 
are well known to those of ordinary skill in the art and 
are not part of this invention. Although the second layer 
can be formed in a molding chamber or equivalent, such 
is not necessary for purposes of this invention. 

Finally, the exposed face of the second layer is coated 
with the above-described ?rst layer. Preferably, the 
thermoset foam material comprising this third layer in ' 
this preferred method of fabrication is produced by posi 



3,565,746 
tioning the two layered structure fabricated as just de 
scribed in a mold chamber the chemicals which will gen 
erate in situ the desired ?rst cellular plastic layer. After 
wards, depending on the particular composite being 
formed, the mold walls may be removed to separate the 
completed composite of this invention. 

Observe that the above-preferred fabrication method 
requires no adhesive system(s) to bond together the 
second to the ?rst layer and the third to the second layer. 
The forming procedure produces a product in which the 
individual contiguous layers are mutually interbonded. 

DESCRIPTION OF THE DRAWINGS 

Composites of the present invention and a preferred 
method of construction thereof are more particularly illus 
trated in the attached drawings wherein: 

FIG. 1 is an isometric view of a corner region of one 
embodiment of a composite of this invention, some parts 
thereof broken away and some parts thereof shown in sec 
tion; 

FIG. 2 is a partial vertical sectional view taken along 
the line 2-2 of FIG. 1; 
FIG. 3 is a diagrammatic illustration showing another 

embodiment of a composite of the present invention used 
as a construction element in the fabrication of a building 
wall; 

FIG. 4 illustrates a ?rst step in the manufacture of an 
other embodiment of a composite of the present inven 
tion wherein the composite is suitable for use as a food 
liner in a refrigerator cabinet; 

FIG. 5 illustrates a second step in such manufacture; 
FIG. 6 illustrates a third step in such manufacture; 
FIG. 7 illustrates another step in such manufacture; 
FIG. 8 illustrates a ?nal step in such manufacture; and 
FIG. 9 illustrates the construction of the resulting refrig 

erator food liner showing an elevational view of a corner 
thereof, some parts thereof broken away, and some parts 
thereof shown in section. 
Turning to these drawings, there is seen in FIGS. 1 

and 2 one embodiment of a composite member of this 
invention designated in its entirety by the numeral 10. 
Composite 10 is seen to comprise a ?rst layer 11, a second 
layer 12, and a third layer .13 integral with One another 
in face-to-face engagement. Layer 11 is composed of a 
cellular plastic such as polyurethane foam, or the like; 
layer 12 is composed of an elastomeric foam such as ?exi 
ble polyurethane or the like; and layer 13 is composed of a 
semi-rigid plastic such as acrylonitrile/butadiene/styrene; 
or the like. Individual thicknesses of these respective layers 
can range as described hereinabove. ' 

In FIG. 3 is seen a composite 14 similar to composite 
10 except that composite 14 has two third layers 9 and 
15‘. Each third layer 9 and 15 is bonded to a different sec 
ond layer 17 and 18, respectively. In turn, each second 
layer 17 and 18 is bonded to a different opposed face of a 
?rst layer 19. Fabrication techniques are as described 
above. ‘ 

As shown, both composite 10 and composite 14 are in 
sheet form, and they are usable in a number of ways. For 
example, composite 14 is shown in FIG. 2‘being used as 
the interior portion of a building wall. Thus, composite 
10 is secured to studs 21 (only one shown in dotted lines) 
such as a conventional wooden so-called two-by-four, or 
the like as with an adhesive system such as a conventional 
phenolic or polyvinyl alcohol adhesive or the like or with 
mechanical means, such as nails. The exterior portion of 
this wall is composed to tongue and groove boards 22, or 
the like, as desired. Composite 14 thus avoids the use of 
separate insulation means between interior portion and 
exterior portion of‘a wall. 

FIGS. 4-9 illustrate production of a refrigerator food 
liner 20 incorporating a composite structure of this inven 
tion. Thus, in FIG. 4 is shown a third layer (such as a 
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sheet of acrylonitrile/ butadiene/ styrene plastic or the 
like) which has been formed into the box-like con?gura 
tion shown, for example, in a single operation by vacuum 
forming in a molding machine. This third layer comprises 
entire inside wall portions of a refrigerator cabinet, such 
third layer being herein designated in its entirety as wall 
member 23. This wall member 23 can have formed therein 
protrusions, depressions, or the like (all not shown) to fa 
cilitate or accommodate mounting of shelves, etc. therein 
in the fully assembled, functional refrigerator, as those 
skilled in the art will appreciate. 
The exterior surface regions 24 of third layer 23 are 

spray coated (see FIG. 5) with ?exible urethane foam 
components which react to form a second layer of a com 
posite structure of this invention (as from the nozzle 26 
of a spray gun not shown) thereby to deposit on the ex 
terior surface regions 24 a second layer 27 (of ?exible 
polyurethane foam or the like). 

Next, the double layered laminate construction com 
prising wall member 23 and second layer 27 is assembled 
with exterior wall member 28 for a refrigerator cabinet 
(see FIG. 6). Exterior wall member 28 is conventionally 
preformed in a separate operation (not shown) and is con 
ventionally composed either of sheet-metal (such as steel 
or the like), or of plastic (such as the same plastic used 
in wall member 23). If the latter, then the inner surfaces 
of exterior wall member 28 can, if desired, be coated (not 
here shown) with second layer 27. Conveniently, exterior 
wall member 28 has a separate back wall panel 29 (see, 
for example, FIG. 9). The double layered laminate con 
struction comprising wall member 23 and second layer 27 
is moved into exterior wall member 28 through the aper 
ture formed when back wall panel 29 is removed, after 
which back wall panel 29 is secured to the adjoining por 
tions of the remainder of exterior wall member 28 by any 
convenient means, such as screws, adhesives, etc. (not 
shown) extending betwen panel 29 and inturned ?anges 
35 on such remainder of member 28, as those skilled in 
the art will appreciate. The exterior wall member 28 is 
adapted to have hinges (not shown) and a door latch (not 
shown) mounted thereon exteriorly so that a door (not 
shown) can be hung across the front regions of the assem 
‘bly thereby to provide a complete refrigerator cabinet. Ex 
terior wall member 28 is out?tted with a compartment or 
space 30 in its lower region to accommodate the refrigera 
tor cooling mechanism (not shown) including compressor, 
coils, electric motor, and associated components. 
The assembly of exterior wall member 28, and double 

layered laminate construction comprising wall member 
23 as the third layer and second layer 27 is now positioned 
in a supporting frame assembly designated in its entirety 
by the numeral 32 (see FIGS. 7 and 8). Frame assembly 32 
includes interior and exterior supporting side wall mem 
bers 33 and 34, respectively, as well as interior and exterior 
supporting rear wall members 36 and 37, respectively, 
which cooperate together and function to brace, respec 
tively, adjacent wall portions of wall member 23 and out 
side surface portions of exterior wall members 28. Suit 
able bracing and hinge means, generally not shown, are 
employed in frame assembly 32 to secure frame assem 
bly 32 demountably against such surface portions. Such 
bracing is desirable and sometimes necessary (depend 
ing upon pressures developed) to support the assembly 
comprising wall members 23 and 28 and associated ele 
ments during in situ production of a ?rst layer in the 
void space 38 now existing between wall member 23 and 
wall member 28. In this space 38 is injected as through a 
nozzle 39 a liquid chemical composition which chemically 
interacts with itself to form a closed cell foam, thereby 
creating a ?rst layer 41 (see FIG. 9) and forming a 
composite structure of this invention. FIGS. 8 and 9 show 
the resulting construction and are intended to help make 
clear the inter-relationships between the various layers one 
with the other. After ?rst layer 41 is_ formed, the frame as 
sembly 32 is removed and the now completed refrigerator 
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food liner is used in the manufacture of a complete refrig 
erator. 

EMBODIMENTS 

The following examples are set forth to illustrate more 
clearly the principles and practice of this invention to one 
skilled in the art and they are not intended to be restric 
tive but merely to be illustrative of the invention herein 
contained. 

Example 1 
A sheet of acrylonitrile/butadiene/styrene plastic ma~ 

terial termed ABS herein and available commercially 
under the trademark “Lustran” from Monsanto Com 
pany measuring approximately 1 ft. x 2 ft. x 60 mils 
(1.5 mm.) are prepared by extrusion and cutting. Each 
sheet has an apparent tensile modulus of elasticity of 
about 360,000 p.s.i. at 23° C., and tensile elongation to 
fail of about 30 percent at 23° C. and an independent im 
pact strength greater than about 35 ft./lb. falling dart 
(at 2.5 mm. thickness and 23° C.), each such sheet in 
this example constitutes a third layer suitable for use in 
a composite of this invention, as such terminology is 
used herein. 
One face of each such sheet is spray coated with a ?ex 

i'ble urethane foam composition which reacts to form a 
second layer of this invention. This coating has a thick 
nessof about 3.1 mm. and has an apparent compressive 
modulus of elasticity of about 0.7 kg./cm.2 at 23° C., a 
density of .08 gm./cm.3 and an elongation to fail of about 
500 percent at 23° C. This coating constitutes a so-called 
second layer in a composite of this invention as this ter 
minology is used herein. 
Each such laminate of third layer and second layer is 

now placed in an aluminum mold whose void space meas 
ures approximately 1 ft. x 2 ft. x 11/2 inches. This mold 
with the laminate therein is now heated to a temperature 
ranging from 100-140° F. and a su?icient quantity of a 
mixed urethane foam precursor is injected into the mold 
void so as to produce in the mold void a foam layer about 
33 to 45 mm. thick having a foam density of about 2.5 
pounds per ft. As the foam expands and cures in the mold 
void, the foam bonds to the second layer. Each such 
foamed layer so formed also has an apparent compressive 
modulus greater than about 800 p.s.i. at 23° C. Each 
foam layer so formed in this example constitutes a ?rst 
layer in a composite of this invention as this terminology 
is used herein. 

There is thus formed a three layered composite of this 
invention. Such composite comprises a ?rst layer, a sec 
ond layer and a third layer. The completed composite is 
cut into 4” x 4" squares for impact testing. Each such 
product square undergoes a modi?ed falling dart impact 
test as follows: 
A modi?ed falling dart method is used, as follows: A 

dart with a 1" diameter nose is weighted and dropped 
onto the ABS sheet facing of the composite from a height 
of 3 feet. The amount of Weight on the dart is adjusted 
(see above described procedure for measuring falling dart 
impact) to obtain the 50 percent fail point. 
Each resulting such composite has a thickness of about 

11/: inches and a falling dart impact strength (measured 
against the third layer) of about 15 ft./lbs. at 0° F. 

This composite as thus is a great improvement over 
the falling dart impact of 1.2 ft./lbs. obtained on a com 
posite panel prepared in the same mold using the same 
ABS facing and the same urethane foam, ‘but Without 
the cellular interlayer. (Details summarized in Table I 
below.) 

Examples 2-7 
Additional composites of this invention are prepared 

according to the procedure of Example 1. Details are 
summarized in Table I below. Each of the product com 
posites of Examples 2-7 display superior impact resistance 
as respects the solid facing layer thereof, in accordance 
with the teachings of this invention. 
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TABLE I 

First layer 

Second layer 

Third layer Tensile 

Tensile fail Independent Compressive Compressive modulus along. falling Layer modulus Layer modulus 
Thickness 23° C. 23° C. dart 23° 0. Method of thickness Density 23° 0. thickness Density 23° C. Type (mm.) (kg/em?) (percent) (kg -m ) Type application (mm ) (g./cm.3) (kg/cm?) Type (mm ) (g./cm.3) (kg/cm?) 

Example No.: 1--.._______-__..___-__.____.___.-_--.-__.---.. 2____________-____-.__._-_________._______-____ 

N0'rE.——Legend of layer chemical compositions (the number being as designated in Table I) . (4) An acrylonitrile/butadiene/styrene plastic material available commercially under the trademark 

(1) An acrylonitrile/butadiene/styrene plastic material available commercially under the trademark “Lustran 762” from Monsanto Co. This material is produced in sheet form by extrusion, 
"Lustran 461" from Monsanto Company. This material is produced in sheet form by extrusion. (5) A polyurethane foam available in the form of a ioamable liquid system under the trademark 

(2) A polyurethane foam available in the form of a foamable liquid system under the trademark “Vultafoam 15—J-16” from General Latex and Chemical Corp. The foam formed from this mate 

“N opcoioam F-202” from N opco Chemical Co. The foam formed this material is a ?exible, carbon rial is a ?exible, carbon dioxide blown, partially open-celled structure. 

dioxide blown, partially open-celled structure. (6) A polyurethane foam available in the form of a ioamable liquid system under the trademark 

(3) A polyurethane foam available in the form of a ioamable liquid system under the trademark “Selectrofoam 6403” from Pittsburgh Plate Glass. The foam formed from this material is a rigid 

“Vultaioam 16-F-702” from the General Latex and Chemical Corp. The loam formed from this thermoset closed-celled trichloro?uoromethane blown structure. 

material is a rigid thermoset closed-celled trichloro?uoromethane blown structure. 
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What is claimed is: 
1. A plastic, composite, thermally insulating, panel 

like member, one face of which has impact resistance, 
said member comprising: 

(A) a ?rst layer of a ?rst cellular polyurethane hav 
ing spaced, generally parallel faces and having a 
transverse thickness of at least about 0.5 cm., said 
cellular plastic being characterized by: 

(l) ‘ having a density of at least about 0.008 gm./ 
0111.3 at 23° C. when individual cells are sub 
stantially all gas ?lled, and 

(2) having a compressive modulus greater than 
about 5 kg./cm.2 at 23° C., 

(B) a second layer of a second cellular polyurethane 
having spaced generally parallel faces and having a 
transverse thickness of from about 0.25 to 25 mm., 
said elastomeric, solid plastic being characterized by: 

(1) having a density of at least about 0.024 gm./ 
cm.3 at 23° C., when individual, discrete cells 
are substantially all gas ?lled, and 

(2) having a compressive modulus less than about 
70 kg./cm.2 at 23° C., 

(C) a third layer of semi-rigid, solid plastic having 
spaced, generally parallel faces and having a trans 
verse thickness of from about .25 to 25 mm., said 
rigid, solid plastic being characterized by: 

(1)‘ having a tensile modulus of elasticity of from 
about 7000 to 55,000 kg./cm.2 at 23° C., 

(2) having a tensile elongation to fail of at least 
about 5 percent at 23 ° C., 

(3) having an independent impact strength greater 
than about 1 kg./cm. falling dart (at 2.5 mm. 
thickness and 23° C.) and 

(4), comprising an interpolymer system of mono 
vinyl aromatic compound and electronegatively 
substituted acrylic compound, 

(D) said second layer being interposed between, and 
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generally contiguous with, said ?rst and said third 
layers, and 

(E) adjacent faces of said ?rst and said second layers, 
and adjacent faces of said second and said third 
layers, respectively, being continuously directly bond 
ed to one another. 

2. The composite of claim 1 wherein said ?rst layer 
is composed substantially of a closed-celled cellular poly 
urethane. . 

3. The composite of claim 2 wherein said ?rst layer 
is composed substantially of a closed-celled cellular poly 
urethane. 

4. The composite of claim 1 wherein said second layer 
is composed substantially of an open-celled cellular poly 
urethane. i 

5. The composite of claim 1 wherein said second layer 
is composed substantially of a closed celled cellular poly 
urethane. 

6. The composite of claim 1 wherein said third layer 
is composed substantially of a graft copolymer blend of 
a monovinyl aromatic compound, an alpha-electronega 
tively substituted ethene, and a conjugated alkadiene. 
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